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i.a.m-. in ;i•-ion of cheot*therapy in tuberculosis.

kliische .;ochensc.'A-:f, 20, 633-63? (1942)
by illi 

- ju|
survey of i.he cl;e ,A.uz• calin: w.th the cheotherapeutic susceptibi-

lity of tuberculosis to - co:.ýounas - few yeJ.rs a-o sti, presented rather
a paradoxicil situa.tion: Dospite the success which investiators claimed to
note in connection with mun, iL w"3s generally conceded thAt no exact proof of

a the eI:ficacy of gold orep~'~tions could be obtained in anii-al -tests. In conP-7-1-
sicteration of -he •"•, . the e-ntre" field of cheemother toy ovs-its princi. -j
ples and its develop+.ent to the •i•mal exporiment, attempts -ere made to
overcome this contradiction by TAeocetical deliberation concerning the mechn,2.sa-
of the gold's effect. it "-wis cLiaed thl.t the o Eress of tuberculosis is-
completely different in artifriciaily infected animals, especially the giuinea
pig, and in huians; above all it uas asserted that the or&Xzism of the guineapig possesses so few inherenz uefensive potentials that it is helplessly ex-
posed to the proeress of thoe infection and is principally incapable of exploit-
I ing the chances Iven by c'eiothserip-etic injury to the 7TB bacilli.

(.. satisfactory e,:)iznition beco=es possible only ifter the investigations
of Prig.e (1) as well as c.uester an. i.eyer (2) revealed that (;cerimental
tuberculosis of the guinea pi- ind tAhe •atite mouse may be influenced very dis-
tinctly, so far as the treetrzent is accouplished only wit'a really Appropriate
chemical or physical means. ..fter these Qeterminations, the poor suitability
of test animals for the demonstration of thera-peutic effects could no looger
be held responsible for the Soia's failure. on the contrary, it suggestea it-
self nore strongly to search for the cause of negative results of aznrTl tests
in the poor suitability of the SDId compounds themselves. The correctness of

this explanation is supported by the clinical analyses of i-artini et al. men-
tioned in the first report, in which the ineffectiveness of zold in humian
tuberculosis, especi.ly pulrmonary T3, is exposed unequivocally. .,e therefore
can no longer recognize a principal contradction between the results of ex-
?erimental research -An clinical tests, and c.;.nrot aduit of a reason for the
negJlect of animal-ezaeriuental methods for the discovery of chemotherapeuticadly
"effective compounds in tubercuiozis. in order to coupensate for baissions, one
shoula initially deal less ,&th the investigation of tae ia"chaism of cheme-

a therapeutic effect, and more with the ccvelo.uent of highly ex-•ct techniques
vwihich permit a reliable •.cision on the efficacy of certain groups of subst-nces
and the sa•-.sement of tlis efficacy. The e;:1ent to ie-ic results thus obtAined
c.in be fruitAilly utilizea in the theraoy of the tubercular person will, of
course, be aepen•ient on the clinician's aecision. ..s ý-iaizischmidt (3) recently
Ttlessea :ith 7reit ephasis: "1,ithough the mnimau- e•perirvent represents the

)wiciation of cheze....ayy, there are sijiifcant cif-e-ences between the
_c ieveants of cheother. eutics in the " tes. r.&. t..e effeci on hMu-an

O a4sease.11

(*)irst rept: 1,in. ..schr. 1940 II, 1273.
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..Mon- b- ch ..• the.:-,ýpaut c influence L3. e.,;peri:,a=-nt.liy
ir, Wcea i:.fe ~iu• , :abov - o.1 tuberculosis. c.n bc Liszed. the

S~~coilecbive tc:;' az;J..Q14 i:1.cZ3"63 i.:.-%n e. . to tile reaic~io.i of the''

inriviclu o Wi to•a• "behavior of s-tall or : ;.re-.;.Lps
(coil:ctiv.3s) of i:.,s _as tna critcrion of effect. Since the urinciples
valid in this cjnn1.ction h=ve been discussed in more detail in previous pub.i-
c.4tions on c'•e..4ther-'peutic investigations (&rize 1, 4, 5, 6, -7), more -encral
ri -s ohoutl zuf';ice here, coupled 4ith a lew supplemental data clarifyin:Z
the progress ;auue in n.etaouics.

'vec.. ' r S.. 4-C•tl".ti_• Cz.ch allowis the collective characreriza•tion of un

animal ,group s:ay •erve in the evaluation of the chemotherapeutic effect. )n
the other hind, it appears eGctremoly difficult t6 reach reliable conc2.usioas
solely from t.h otuu..; o1' pathologc-anatomicall alterations. The considerable
dizfez'cnces bet¢een idividual animals %hich are noted even duriuncaisturbed
progress of the inf'ection, ma.ke it very difficult to gain a positive evaluation.
Investigators who have seen the extraordinari1W, Uiverse aeveiLoqm t of TB a.:ong
a laricr -roup of identical animals infected in the sawe mniner, and how strong-
ly the finuins noted at a certain point differ (even without therapeutic treit-
ment), Aill consider ut.mast restraint in the evaluation of arnAonical appe.ir-
ances to be indispensable. It becomes especially difficult when comp:r-isons
are to be mide of ardmals that have dieda at different times. an urobjectionable
result =ty be obt-ined only when all animals belon,6rnZ to the two groups which
are to be compared (they should be as large as possible and comprise the treated
series and the control series) are sacrificed at the same time, and Vwen the
UEstaZee" of the disease, to be subtracted from the individual tests, is used as
a basis for comoparison of the two groups. :aturany, the conclusion based on
such a proceaure will always be somewhat arbitrary the smaller the compared
animal collectives, the more arbitrary. For on one hand we must mwke the ab-
straction from indivional indings more or less subjectively; and on the other
we have no objective rnethod allowing us to evaluate the role chance plays
(even in untreated animals) in the distribution of light, medium and severe
cases a~ang aiverse, apparently identically wonsti ttd collectves, Besides,
the described method only yields a across-section, through the test process by
revealing The status of the test at a particu•ar moment, but does not ai=.cose
anything tbout previous or subsequent conditions, while we should be bent oni -obtaininzo a "longLtadinal sectioU" that shows the entire progression of the test.

II. 2kore reliabhle, numerically expressible results mVy be obtained when
the course of infection is followed to its end - or to its =u-e.-, in which
"connection pathologic-anatomical changes found after the test animal's death
may serve as an additionkl criterion. Of the methods used by me for the execu-
tion and evaluation o. ny investigations, I should like to list two that have
naroved to be especially fewsible.

1.' Groups of 20 ;w',fis (rb'its, •ainea pigs, nice), as zimilar as
Possible, cns-ituted accordinr to FrigGe (17) and Schaeffer's (18) method in
such a mnner that the fifeeent classes of body weight are evenly representc'd
in each series,, are inifeete-~ wi-th h,,-n~ or bovine TB bacilli and -in part oý-
served without treatment (control series), in part suojected to treatment
(oral, ••travenous or swbcutaneous) after a few diys, gener-aly twice a week.
in In zmort-ant cases 2 or :ore j;oups, i.e. 40 or more animals, were consolidated J
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a nc t :r't.f. -i . i. .3 ;c .r . .-: n z. . - ic ao r ktin. ' t o T h e S . e ta e t p l a n , n

• e~c., o.: wlre % ssrvev .-s controlS. 'Un a auitably chosen"fL~ee -d~yU the .e:rcentare of anirzmals is determined which survive in the
U•.f-•*u•naL 4 z. -61•,r' e Lif_'e:.ces are foun:d, it is determine, eith i•.athe-ot~ .... l" "ttey are to be considered c.aracteriatict"•iL.ii±.-i;,'• conclusive) o-* ie result o chance.

.n t-:i3 co:'•r•.io.n orne :..ouid .ioz "a Aisled to assume that the result of
co'np .3 crVs4 in ce-t2...t; So$I t:-e statistical evaluation of each indi-vi•.caa it•is c ":.•Ueed on L Ly on "Iich ihe zarvival r"'tes of the treatd e

lead W. szlf-elceit'ion. z& critical ovliu-1ion of test results is possible only
rthe the fij.erd term i-u set fn an objective -joint of view, independent from
Aie resula of individual tests, e.g. so t*..t the result on v-iich evaluation is
to be based is dezer.inea after zhe e.qiration of a ccrtA~innumber of days
(from the co= C_--it), or when 50, or 75;, of the control animas have died

,or at another moment chosen as suitable, but in a "non-partisan" way.

This rule naturall7y shoula not be applied schenatically; above Al, it is
valid only for tests conducted according to the sazae program and dith the szme
cheUical compound (ef. Section IV). If, for inst~.nce, the sanne course of
action is ta.en with druis of r.;.Did effect and compounds wh.ose effect becomes
active after some time, it would be izL.ossible to gTrasp the diversity of thera-I eutic possibilities in a sensible Lmner. The planning nd evaluation of
che:.otherapeatic tests ahould not be subjectea to a few infl.e-Ible rules that
allow the convenient use of statistical fonaulas, but must above all satisfy
the im~ltiplicity of biological possii3ities. 'Mhe use of statistical methods
therefore represents orny an aacitional process Lguaranteeing the critical evalu-"
ation of numerically expressible test results, bat unable to take the place of
principles valid for the planninZ a:aI evaluation of tests.

The result obtainable by the described method mly in so=e cases be ex-
tended by repeating the comparison between survival rates on several fiMwd days;
thus it is possible to determine, for lrstance, whether the therapeutic effect -

has increased or, conversely, it has been displaced b.- a dystherapeutic one."bis course appears to have its rewards especially when the effective nechanisms - -
cf different compounds are to be cormpred. However, if the surviial rate of
the •reated or untreated animals once attains a lead, no additional concluaions
"ay be reached from the circumstance that the lead is not cancelled out subse-quentiy. N

ethe described method leads to a qualitative result; it answers the general
question, whether or not a tested substmne is effective. If compounds of
ascert~inmed efficacy are available, a measurement of the therapeutic activity
=ay be conductedi, provided one of the effective substances is defined as the 4
como-r.itive-preparation ("standard pre-aration"). in this case the control
series consicting of untre.ted aninmls is replaced by a r-o of nimals treated
with the standard nreraration. 3ow.mz.son of survival rates or other values
e.haracteristic of the beh'-%or of the animal collection (see below) reveals
-e(k) In especially favorable cases, e.Z. in the evaluation of the efficacy ofSk• "-•-•lyeffective con-pouns ugainst, pneumococcal infections, the test results ;•

I- ar etriedwe i0 ofIeanml
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foud Lnhther o r.e o.• rthu "etzdte L subst.nces is n..alre oo or
svprcal-tioh-, or icotiu• ._!. the eftcacy of diiferet t cuaaition s oi t.:e
testea dr cou is detar.=ned, it cavn also be cluead w.ich dos-s is eouivalenp to

o a certain a yieunl of the staIalru brepa.ration; fror this, the eatio of vatles
i of the Lbff erent comruunds c,.n be deduced directly.

I 2. Particularlyr lucid re~sults xmay be obtained when the survival ratios

found ia the treated wioud untreated ai:Lai series are not only co plred once or
several Lixes, but continuously durhing the etire test duration nd the resultss
are depictoases c exr. e iis . a-4). Ste griaphic reprofent tbou of to:e
test a nir~is' course of death ires a very clear sicture of the total progress
of a test ana , 4eo d the :a st valuable fotesation for the evaluation of the
therapeutic efficacy of cheziic.l co.ouhas. Of course, a ru,,erically express-
ibne juaaetint of the obtained reudt cannot be deduced therefrom irectly.
iu ea judgexaent, xitioch snoule consolidate and ev-aluate a highly complex, re- '-
ciprocal effect between m cro-orga•ism, xaicro-organism and cheziotherapeuticum

extI ning over a longer period of time, -- i.e., a biological process -of,
in uany cases cannot be exntressed at all. stinl, it =y often be useful tho et
a sufnrnary perspective of the test progress by enterntt each andiviaual pnibal
with a characteristic sign, frhich sigifieantly iflueeced r he final outoai e,
in da aleveltion. df ch a sioi is the test animals' survival time (or ydedbth

tw ti e").g.ner s the~acl deahtmso.aoe rifce alnJd o n

creasti fe •cor-uched d se th the conieration of the srt i vai tae;

U in earlier exnimore tions of the cihe therapeutical1 susceptibility ofb tubecatlosis
I have also uilitzed te s caniractderistic for the noherical desi-gnatioa of test
reslts (). at use is e.thirel- justifed, since in s nany cases it zn•kea the
dforzms latgon ef a sensible average value (and statistical analysis) possible.
. ails, it has been knoim for a long time tkit sme experimentlly obtained

data are very difficmic to introduce into t ohe mthezatical datarhas b ielded b7
* a large coll.ective.

i For eaxamle, the death times of poisoned or infected aimals do not in-
crease free-nith decreasing doses of tohin or bacilli. 3trts soonh a
scertain, more or less Orecisely detersinable li tung vosis, we observe that
on a part of tahe test animals die, n the others do not die belatedly, but
do not ccumbrs atpall to their disease. if the instilled tosc or bacilary

- dosis lags be~hind a certain cthreshold value" (different from axili to .anim•),
the exocted effect does not occur with increased retardation, but- not a±, all.
This also' applies to experimental infection with TB bacilli (cf. ?rigge 1,
p.44).

!The n.theziatical treatment oi" such observational data has been attealpted
! •in different u~ys. Kisskalt (s), for exanple, eqaates the death time of su-

: viving anjais -ith •0. It may be argued tint by this method the customlary
Saverage cannot be arrived at; the aritLhmetic mean becomes {¢O, as soon as a
Ssingle anina survives. Othuer authors ignore the survivrs and only accotunt
; for the dead -nir~s in calculating the averae value. Juch a course of actionO aist of course appear hi~il questiosable.

4
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crib! ,ti is rapoL-eed boy thc a~niLals' I eath rate.

If~I ý':ietn Irde&t of an animal. th,.t dies -1 day (24k hours) after poison-,
in- iz cos_,,nted _L;0 thLe ýznimlJ dyinz; after ~jday (12 hours) has a dieath
rate oi'L 2003, t~i e _rdni .l Cn- afther 2 d.,ys (48 hours) a death rate of 50, etc.
The tea±t>. ra `:errf~ ' ~fu~ a h 0-old =qgditude of the reciprocal
v,.ue o.;' jaujviz,. test ani:allz- tine, measured in days. Anc• our-
v ,vjii.. iUv,. es a by 1-,- in -,i s sialnt s • ue thod, now ihow " death rate of

erall -et sst ia- C can be CO2xa~ d :zdareasonable average becomes
Pozaz.ble in _.12.2. Cases.

in troduction. of :--4,es le.ads -:u-o the so-called e heirmonic nehan of
tche ae-:a tias; h.e l... tter is the reciprocal value of the arit&metic mean of
the afath r...tes defined :bove, diviald by 100. d2he harmonic mean of the death
tinres c= be used in place, o the imean oyf the "eath rate. The
con f2truction of both e :lverafes is pos(ible in all cases, re~ardtess ofdether ra1
aanial.s c.e or one part reiuA es alive. iowever-, since the "harionic th eane -is

not customaiy, it. is recoian- i ced t h•it only the arithmetic mein of the death
times be used in chre acl-lerizing the de..sth sequence, or else the arithmetic mean
of the death rate. n consider the first to be preferable (avea both'are possi-
ble) cue to its persicuity.

T..-e siignificance of the survival ra4tes ana the mnean values iss sevrerely
limitled by ihe irczsTo ce toa-t the tierapestic influence on. an infection is
not a uaitiz ees bute hihly interoy Dof ers i contrary"
powers. investigations reportea earlier support the view that, for etAmpleu
gold con-pounds in doses ohich exclude ib ie te injura to the orgf thea, =Y
exert an unfavorable influence on the pro ress!ion of the tubercular infection
(Prigge, on. Observations of the effect of csuelmoograic acid compounds re-
veAled that even therapeutica.12.y effective substuAnces -may~ under certain condi-
tions become ineffective or exert dystheraveutic influences t rigge,* I). Siuc
contr-y processes =ay be covered up in the construction of mean values: The
atp.p.rent Isobjectiveness of thei number" may in sdchi cases represent hindr=nces
to researcd. For these reasons a general use of mean values thest be avoidede
Cr. the basis of yers of exnperience, -we consider the erkohie representateion • f
death pro.-e ssion• to be the most valuable means in the analuysis of cheotere -

eimtic efficacy in experimental tuberchsis, particuLirly 1inen this inethod is
supnlei=te Lby other proven methoihls (control of weitpoersxamination 0f the
st.-tGu of the lymphatic iglands., patho~log;ic-anatomicail examination of ill. deadi

ar Iers, treated an. untreated, etc.) The v ue of the i raphic method dijni-
solhes, howeverp un hn apdlied to secll d oups of about 5 to 10 ani sm,; tmhe
reliability of the irapiuc zteiod increasess ioth the size of the tested :ni0=n
collective. it is orl s conjunction oith tchs standaird system that the eva-
luation of survival rates andmean values; assumebst ignifLcance. In summinZ UP,
-their utilization may be coaracerized as follows: Dtistinct d fferences
between oe cti values fre tresen valuable instelligence, r Uelre the h Dseruce
of such aifseences oy es not permit uneqaivocer evaluation. r
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A , c, L.'eell SU ivic.mo u o' ,e-t-ci- un

tre~itedi 1.. !3tt~ t the,~i ot.e 2-te,,t L~cvelo:)Cc. by 11. V.Schelin ~ 9), Lic:i for tZ frsc. tLine ~anie~ac:.Jeey ~ te.~n
of thle ifz'leriice be;.-.ieen t-wo oacre.lta.Ies, mlid therefore -is lo ic..dy ,,upurior
to co.Ltoz systue-as, evcni tW o-e,~ s o.1earson, w.±ich in V-5 as s cal
equivaLlent nutz.eric--Ily,..ze .

J '.etie cdif:erence lxt*ý:-ee: t.:e ait;.rit.etic :±ein of 'aze.th ti:aes or dcath r~tes
obtal ne-d Aro,,i taý-o co:,qparative test series c,-rinot bc evaluate.± by heretoýfoxre
custo~aary LiethodCj~ since these hinre orn t1,e condition. th.AIt a so-cdi:Ld llnor.i, --.

G1t~~i~tonILe acdsribution correspondin2; t1o Guss' 1-ai of error, is
valid for the obz;ý:rvea vzlues, and also becz;;use the di3ý,ri~zion of deatth t-i:.;es
oX tubercul~r arnim2s (as aeli. as that of aeath ra~es) -)roved to- be e,-tiroly
different f-roia Gau.iss' di strilixtion of error. T..e possibility of st~ti st~ic2.l
evalu.-tion of Such :a-terial .- ;as been givexn only recen~tly; it bZecomes feasible
by., 4aens- of a aethodi, also -ý'eveloped by h. Y. Lkchelling (10), whicha is waolly
independent of the assu:'ntion- of a normza distribution.

rhe utili ty of the crit~imi.e o. test data, underta~ken w5.th the aid of
:aathematical-statisticaj. ::toa, ec-'nes apparent prlzu.rily by its abCility to
prevent subiective evalu~ticn of aR-p:ýntuly favorable tvest results, and to gdve
valLa~ble pointers as -to w*.ich observt. tins would justify further purvait and

51 the com-dmitat of m-re e.-te-,wive =veszi~a-.ioas. it Should be obvious that inthis connection thte course of acin2.ntb cezat so -thtfr in-
stance, onythose results ýtre consi-,ýxed uraich ramuld be designated as
"~affir-med" by the 35-z~e-t-ao. it Seams z:xre i-ot.n..t to test in every case thLe

agitude of proba~ili ty with which -x, appaj.ently fx~orable re±t m~ay belon
-to the rea2lm of chance. sA. long as this value is contained idthin reasoniale
bounds, there rema-ins the justifi-cationi or duty To assume a 1"systematic" (le,,.A)
cause for t.h-e observed res=ult and to conluct further observations. The re~iz.r.cs
at the close of Section 11 z-.ze it obvious that 'additional testingZ of a 2repe-
ration uIfl. appedx indcica-ted even in those cases -kere ,ra~phic representation
of the disease evokes suspicions of contrary effects, and i were the stlatistical
evalua-tion fails to rev eal The -iresence of ef;1acy.

lIV. In order to avoid cIisappoinments (which would briaZ unw~arranted
discredi-; upon statistics),. it sboujld be realized that even the described,
exact meta'hods do not make obsolete the necessity fZor a. well-planned prep;-.nition
of the Laterial for evaluation.

In this i~:er, vwhich rir- r airs at the biolo',.cally iLmerested reader,
a common error nast be -;ointed ourt: Uf of two zests, conducted width the s..xe
..ru- =nd :;ccordiný; to th-:e sawe ula, one yields az !Ip.:sitivelI result, i.e. a

zuul sup.o-rL2ng the eflicacy of the tested substance,, whil~e the ohrhe
n.ot sho a zij'.ificant result, it ifoula be umrnez to conclude from the judi-eac~
cat,..ined by statistical a-alysis of. the fir st test. ;t the Second test Shoui
naw '4 e .c.redas ir~concluaLve. It. should rut.-.er -ae consiciered that the
cancl."ion r-e.ched by statistiAcal iaetho~4l represelizs an ex-ression of probabi-

s:t. z-eszed undier the exýplicit condition that no "eabtrary selection r&
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or ch:d-11.jr Cls teit

2> ~_Cý T- L cur..z searSaCen: N011 In dealing
,,it:" C"'.i1 -t Zi,..2 -r-, o'-c.~. c> ~ z r ujif rc-cea between
he~ Cc: -e 0 -; .n o~e .mi .y azpecar as purely

coA-'!1'Zb Wjzt, ý. -C. :ý the "et ..:a co;t."c.e"U Su~i *ffi ci eat :re-

qu a..r cy . 7cn o-:* _ni :tu test, in the -

aoped-for roEu-1 SAUL shul re.el ;ac..ieve%.! ,Ler'nt.:u r~epetions,-
,ro-vided tce et 1_5 Jbeen culucted. wiz'uvt -rouax-cs &Acil o..juctlon - itis

* ~~~easily _Snie ...st ,£..cLor So ..esi. -naed in tzlz taeor - of')Viiiy
* j naeiy as the 'exetori zu t~ chizce, -.;i-ch _-;:; '.e ezoecz~ed on-1y, in a. very

la- iL..laer of ~js 2herefore it m~y ua-aer no cic1stce b evaluated
s ~r.t, J.P i.e. by ciJrc.:..ventiJ.- thic othker reasaltsl* an t t otir n it-i
inca.nsecueritiaJ. if aiter v~riovus poZitivc- test rapcttiotis one rosult, is oh-
Taina 47ich1 by it~scj! - Lac3s not revez-1 a not.wort~hy Liiffereiica between

the u*btai_-ed _.ver..ge values zznd w..zerafare may not be considareu as llstatisti-
cally affiraxed."l

If results Of :zvora2. te-sts., conducted wvith the zsae ;re,--,ar~tion M.d
accoraingf to ;he suaie plia, --re _vw.Ahle, every laind or arbitrary selection is

p~rohibiead; 12l avzi2zble tuest results must. be considered and compiled in the
~si s. 2his is t true also of taa in ,iviual resultvs obtained -,vithin the

fraL~e-ioek of ý- larger teot, e.-7. for (apperently disconnected) death times -of
".iniximals tha6t survived long pa~st the time in uwhich the death of aal other test
ani'r_,u-ls h-L.a occurred. z;s 3long as it c.;znot11 be proved that atest error is in-
volved (erroneous aevilatiozi in the a:ioun of substane in~stilledi, e~tc),s it is

* conpletal'y unjuastifiable to ignore individual observations w4hich i-aJke tMtati.Sti-
ca:l analysis =.~re cifficult. Sfter .1'. z6chaefer (18) Cop. cit. p. 62/63) had

al]lusions to an unobjectionab-le test. evaluation should '-e considIered more

* 1earnestly than may aDptjear necessary to persons rot acquainted with the uis&.2kes
2`rcqua;tly ;`ouný in th-is cozznecti on.

iV n the inxtroduactior4, a concept exas illa'-azated, accor;.ing, to iAdic.11
cxp..-rim-entUl TB ciffoers from hehuzman pr~iiariA' o-ing to te crcu tnce tAt
t-he o.-aniaxa~ WC test ania-xlas are defensele~ss). e;zo~osed to th1e disease due to
t~ae _Ibseice of inherent dlfenese. thsr.~ :-e qestion, wh-ether or mot
au ae=ta infective pro.gress mijt evea be rs.ein view of the -gol of
findir.L c!he:aot~i-r~uial feasible su'bst.i.nces, (si..ne only bi~hly effective
comnouu"i cia assert the~aselves), it. ;::st first be thte ~at the PaSSUnnTron
o f za co..oleute or eve:. fa.r-reaching- d~efenselessness of -,azt an as ayainst

tubajrc;l~ar infectioris is- false an"' iO exeiae..U :7p,ýort. ýýn the con-
trary: -* -Loss ýl) zas -e2 s :uester and .eyer's f2) i1nvesti-,ations proved

thatincivid aJ. ozatory aiL.±ails have a distinctl;- di~f.eront resistance zo

'tuoercular 'infection, lnrcto e.;c-reme diversity in Ithe beav'-ior Of I



afuctio.- v-! ý..._.. co a L;..z ;x.. 2ver, I ~ o nly h~e -ouaction0

aver&'ý-C' "'fo rzz:.C *. c w-rZe c x, a s wall Z'.3' "z" Ui szi:.c~t-
ivecA.23 of~ L~e e.:;r' c..e 1'u .1,- uc~-cu' 0-1 ~u:z~~o iZ"..
Iwjici of iraf eC LLOn. e z..t.I`,ea .r C'A e f -S'i;ou 1 .e C. ise s in z

-.emr ii.One ;.j"cye (%,it out]ý nott toe .~~~caUy~o
to oei -s o2 ~!~ca ihste e b'uat,_Iic~ "tezrat~oe tfic i

xi. J ~ t:.icJ cns-.r es i th.e cxa.;Jiu'i± slai~owly i US

tubrc.1 rtz;icn e:.t.,ru~l by t~e.c ontee~o isoseis nt

necesazy, .. s he r~feti~n's osi acor:in to wunit..-, f.u.n virulence bovithc
baili a~ e hemehd f hoc fr hece'-tuiall of ivroel

.. ezc-'ud. 're ;Uz.ressedý tine = ag*i, ti -yse ;r.r
fron th cicu:.stjlcetha tin wnircriai~ sce evZzVof doa: variabiluty, chc

ma~csacaliraton if inetive progress6 possile i1sL * lyno; 1' to
n~a Lzny invstiators.o C t efre list inl tble 1variyou.ss ofzd; 1 the cUiss±e-

ncae, b~ndi the cftre;ofrs ore to fcrc.-darý ifcton ouf--=5 apis

Liafeent drýose of te: same str a~ina. of the pbaciJ.J. ofn thisconnectionte

bacistionu bhe roh-er e th e emethidloy susice foiir ft~he tresLti of.m. di uring.

causzaed bsignif ecntiw L,-t exte hine thpeismerioal a~riedue. to
doOits aboriruJý. thais ru e o~re tielated agitohi =y sifici.CI.il
beo thred cironi .thne tdisc'ussinn.iarvsop f oa;evxabllt. .ric

maks a -.otewozd by table J , brtio o' inect.-ties poortes posbisticl withva tore±s
many ixive dosages; ho-evr the~rr lshotening occrs 1, an eyntsirel ofliffeert
relatiob~ntnhed in tecorese of theinc-c~r riectivdosis oj' sdienifica±z i'ceertio

2:iffC.lzn dose tofClg() i the same strain of the bacilli.y In tis conectonth

the, firs- fet ay noitei by nurroner ouds, imet ig--os, i tht 3U ~fatl ta-ts no
ctused , sinecive tzoi antaic inetives -r4res thas perio aree doubed to

bes cbrzctio itsoZber..jrdta the adiszcuof ssio-Onoit

thz.li theorinj teo cusoxfr siats silr.rs~ the inr~ctiv doi

in tLCOC-2CeOO3C cour.se fin. eini b-ndol y'h nrzs -

uoi t li hosndfldcaa-i-y- ~ý.fom01-d t8.
m C. a;t . LI h lbuino h ,clar 0i

-Il sstwtr c i~razrbud. ti o u-.rsn htc;r-~zO
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1. ",... -- re .sen -,." o' u- of eeasive

ir,\.A.. v ~ - 3, • •.:cj :. ou , .'.~,;,-,.. c GbvioL 'oS' -- °% -- '0:C LSo l l~o follows) :

of L"I
fcc-zi,.n with *.L.. L' ¶-f , 21: -1; "inci On • T-.....0-cn 19331.

Infective dosis4I;) es t, arias 7 Ze4cs Z2 -cries C I
.00OCi m:;. 0.1 0.i. lag, 100 r i,

4 10 12 .0o
2 15 27 13 10 -
3 23 34 28 20
4 27 36 30 205 39 39 42 25

" 6 -a 4. 44 3245 43 45 33

8 45 44 45 -45 -
53 52 47 38

2-O 57 52 52 39
2J. 76 53 52 39 .
12 76 53 57 46
13 77 53 54 414.4 0 55 65 49
15 98 61 67 4916 ll6 6

17 112 6 6 52
16 75 69 52
i9 i3 76 70 54
2- 103 71 72

.,ve~e:52 - -- _ 50

71 52 39

, () The •.ni.--_s are orc~erea accor~dr.g to their survival tixze-.
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